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Disturbed cell cycle-regulating checkpoints and impairment of genomic
stability are key events during the genesis and progression of malignant
tumors. We analyzed 80 epithelial ovarian tumors of benign (n = 10) and
borderline type (n = 18) in addition to carcinomas of early (n = 26) and
advanced (n = 26) stages for the expression of Ki67, cyclin A and cyclin
E, p21WAF–1, p27KIP–1 and p53 and correlated the results with the clinical
course. Genomic instability was assessed by DNA ploidy measurements
and, in 35 cases, by comparative genomic hybridization. Overexpression
of cyclin A and cyclin E was observed in the majority of invasive carci-
nomas, only rarely in borderline tumors and in none of the benign
tumors. Similarly, high expression of p53 together with undetectable p21
or loss of chromosome arm 17p were frequent events only in adenocar-
cinomas. Both borderline tumors and adenocarcinomas revealed a high
number of chromosomal gains and losses. However, regional chromo-
somal amplifications were found to occur 13 times more frequently in
the adenocarcinomas than in the borderline tumors. The expression pat-
tern of low p27 together with high Ki67 was found to be an independent
predictor of poor outcome in invasive carcinomas. The results provide a
link between disturbed cell cycle regulatory proteins, chromosomal ab-
errations and survival in ovarian carcinomas.
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Ovarian cancer is the leading cause of death among
gynecological cancers. About 90% of the ovarian can-
cers are of epithelial origin. The median age of the
patients at the time of diagnosis of ovarian cancer is 63
years. Most cases are sporadic, but 5% occur as an

inherited cancer syndrome(1). Seventy percent of the
patients present with advanced stage disease at the
time of diagnosis, which contributes to the poor prog-
nosis(2). The 5-year survival rate for early stage carci-
nomas is 80%. Patients with advanced disease have a
15% 5-year survival rate.

Borderline (low malignant potential) tumors repre-
sent approximately 10% (4–14%) of all ovarian malig-
nancies(3). In contrast to the truly invasive epithelial
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ovarian carcinomas, the prognosis of the borderline
cases is far superior and this is independent of disease
stage(3). Among the early stage borderline cases, the
5-year survival is 93% and among the advanced
stages, about 75%. The treatment of epithelial ovarian
cancer is primarily surgical, with either complete re-
section or debulking procedures followed mainly by
chemotherapy and, in selected cases, by radiotherapy.

The pronounced differences in the clinical course
are the reasons for an ongoing search for diagnostic
and prognostic markers to explain the biological be-
havior of the tumors(4). Markers such as DNA
ploidy(5–7), S-phase fraction(8), proliferative activity
(Ki67)(9), p53 status(9,10) and other factors, e.g., HER-
2/neu(11), have all been studied with respect to prog-
nostication of ovarian cancers. More recently, the
analysis of cell cycle regulatory proteins p27KIP-1 and
cyclin E suggests their potential as significant prog-
nostic markers for survival in carcinomas of the
breast(12), colon(13) and prostate(14), and p27KIP-1 was
reported as a prognostic marker in ovarian carcino-
mas(15).

The different cellular events associated with the ini-
tiation, progression and metastasis of tumors are still
poorly understood. However, one feature of tumor
cells is their ability to acquire gene mutations and
chromosomal aberrations. Possible causes of this in-
stability include defective cell cycle regulation that can
result in premature initiation of DNA replication, de-
fects in the G2/M-control with re-replication of the
DNA (polyploidization) or a premature initiation of
chromatin condensation and mitosis of incompletely
replicated DNA(16,17).

The TP53 suppressor gene regulates the expression
of multiple proteins, including p21/WAF-1. This cyc-
lin-dependent kinase inhibitor interacts with the cdc/
cdk-cyclin system in the regulation of the cell cycle.
P53 is also involved in coordinated centrosome dupli-
cation prior to mitosis(18).

Cytogenetic studies performed on cell lines and
short-term cultures from primary ovarian tumors as
well as on resected tumor material revealed that chro-
mosomal aberrations frequently occur in borderline
tumors and invasive carcinomas(19–22). Also, compara-
tive genomic hybridization (CGH) studies of ovarian
tumors showed that the pattern of chromosomal ab-
errations in defined subgroups of these tumors is non-
random(23,24).

The aim of the present study was to correlate the
expression of different cell cycle regulatory proteins
and chromosomal rearrangements with the clinical
course and to explore the prognostic impact of these

markers in benign tumors and selected cases of bor-
derline, early and advanced invasive carcinomas.

Materials and methods

Patients and samples

At the Department of Pathology, Karolinska Hospital,
we analyzed primary epithelial ovarian tumor
samples from 80 patients operated and staged accord-
ing to International Federation of Gynecologic Oncol-
ogy (FIGO) guidelines and classified according to the
World Health Organization. All patients were selected
according to tumor stage and survival. The observa-
tion time was more than 10 years, and no cases were
lost for follow-up.

We selected 18 borderline tumors, 26 early invasive
cancers in stage Ia-IIa and 26 advanced cancers in
stage IIb-IV. In addition, 10 benign cystadenomas
were included. In each of the group of patients with
malignant disease, we selected patients with a differ-
ent clinical course (dead of disease or survival > 10
years). Among the nonsurvivors, one patient had a
borderline tumor (stage Ib, survival time 57 months),
five were in early stage and 15 were in advanced
stage. For a summary of the histopathologic diag-
noses, see Table 1.

Treatment

None of the patients received preoperative chemo- or
radiotherapy. Of the patients with borderline tumors,
10 did not receive any postoperative treatment, four
were irradiated, three received chemotherapy, and
one received both irradiation and chemotherapy.

Table 1. Distribution of the histologic types in different
groups in 80 ovarian tumors

Number of tumors

Histologic
type Total

Early stage
IA–IIA

Advanced
stage
IIB–IV

Benign
Serous 6
Mucinous 4

Borderline
Serous 14 11 3
Mucinous 4 4 0

Invasive cancer
Serous 21 6 15
Mucinous 3 3 0
Endometroid 18 11 7
Mesonephrioid 8 6 2
Anaplastic 2 0 2
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Among the early stage cases, 19 received both irradia-
tion and chemotherapy, one received irradiation only,
four received chemotherapy only, and two received
no postoperative treatment. Fifteen of the advanced
stage cases were treated with both irradiation and che-
motherapy and 11 with chemotherapy only. The che-
motherapy at different time periods consisted of mel-
phalan only, a combination of melphalan and
doxorubicin or a cisplatin-based combination therapy.

Sample preparation

All tumor samples were fixed directly after the opera-
tion in 4% phosphate buffered formalin and were
paraffin embedded. Ten consecutive sections were
prepared from each specimen and used for immuno-
histochemistry (4 mm), DNA ploidy measurements (8
mm) and tissue microdissection (50 mm). Tumor cell
areas were microdissected from two 50 mm sections to
obtain samples containing more than 80% tumor cells.
The tissue was incubated overnight in 1 M NaSCN at
37°C and washed twice in PBS. The DNA was isolated
by standard proteinase-K digestion, phenol-chloro-
form extraction and ethanol precipitation. All samples
were coded, and the analyses were performed in a
blinded fashion.

Immunohistochemistry

All slides were deparaffinized with xylene, rehy-
drated and microwaved at 500 W for 2 × 5 min in 10
mM citrate buffer, pH6.0. Sections were blocked with
3% hydrogen peroxide in methanol, followed by nor-
mal horse serum (1:20 dilution) in 0.1 M PBS, pH 6.0
and then incubated overnight with the different anti-
bodies diluted (see below) in 1% (wt/vol) bovine se-
rum albumin and visualized by standard avidin bio-
t in -perox idase complex technique (Vec tor
Laboratories, Burlingame, CA). The antibodies used
were: NCL-p27, dilution 1:100 (Novocastra Laborato-
ries LTD, Newcastle upon Tyne, UK); MIB 1 (Immu-
notech S.A., Marseille, France) dilution 1:150; DO1
(Santa Cruz Biotechnology Inc, Santa Cruz, CA) dilu-
tion 1:100; WAF1 (Ab-1) (Oncogene Science, Cam-
bridge, MA), dilution 1:15; NCL-cyclin A (Novocas-
tra), dilution 1:100; and NCL-cyclin E (Novocastra),
dilution 1:40.

All slides were coded and scored independently by
two pathologists (G.A. and H.B.) and 10 HPF (highest
staining intensity areas) of tumor cells were scored
according to a previous study(12). All antibodies used
are raised against nuclear antigens, and only cells with
distinct nuclear staining were considered positive. All

sections contained both normal and tumor cells, which
allowed comparison of immunohistochemical staining
of benign and malignant cells.

DNA ploidy measurements

The amount of total nuclear DNA was measured by
image cytometry on Feulgen- stained histological
slides 8 mm thick as described(25). The DNA histo-
grams were interpreted according to a modified sub-
jective method. The normal control cells were given
the value 2c, denoting the normal diploid DNA con-
tent, and all tumor cell DNA values were expressed in
relation to that. The histograms were divided into two
groups. Cases with a major peak near the 2c region
(1.8c–2.2c) and less than 10% of the cells exceeding 2.5c
were classified as diploid (even if CGH revealed chro-
mosomal copy number alteration). DNA profiles with
a stemline outside the diploid region and distinctly
scattered DNA values exceeding the tetraploid region
(3.8c-4.2c) were classified as aneuploid.

Comparative genomic hybridization

Normal control DNA was prepared from human
female lymphocyte DNA and labeled in a standard
nick-translation reaction substituting dTTP with di-
goxigenin-11dUTP. Tumor DNA was labeled with
biotin-16dUTP (Boehringer Mannheim). For CGH, 500
ng of tumor DNA and 500 ng of the reference DNA
were ethanol precipitated in the presence of 10 mg
salmon sperm DNA and 40 mg of the Cot-1 fraction of
human DNA (Gibco BRL, Gaithersburg, MD). The
probe was dried and resuspended in 10 ml hybridiza-
tion solution (50% formamide, 2× SSC, 10% dextran
sulfate), denatured for 5 min and preannealed for 60
min at 37°C. For reliable karyotyping, human centro-
meric probes for chromosome 4, 8, 14, 20, 22 and X
were directly labeled by PCR substituting dTTP with
Cy-5–labeled dUTP (Boehringer Mannheim) and co-
hybridized with the genomic probes. The probe cock-
tail was hybridized to normal, human female meta-
phase chromosomes. The metaphase chromosomes
were denatured separately (70% formamide, 2× SSC
for 2 min at 75°C), and dehydrated through an ethanol
series (70–90–99%). Hybridization took place under a
coverslip for 2 days at 37°C.

Posthybridization and detection was performed as
described elsewhere(26–27). The chromosomes were
counterstained with 4–6-diamidino-2-phenylidole for
chromosome identification (DAPI-banding) and
mounted in 1,4-phenylene-diamine.

Cell cycle proteins and genomic instability in ovarian tumors 479

© 2000 IGCS, International Journal of Gynecological Cancer 10, 477–487



Microscopy and digital image analysis

Individual metaphases were karyotyped and typically
10 metaphases were analyzed for each tumor case.
Three gray scale images of the chromosomes were ac-
quired using a Leica DMRBE epifluorescence micro-
scope and the Cyto Vision program (Applied Imaging
Corporation, Newcastle upon Tyne, UK). The fluores-
cent intensity profiles (red and green) were calculated
and the threshold values used were 0.75 (loss) and 1.25
(gain).

The average number of chromosomal copy aberra-
tions (ANCA) was calculated by adding all chromo-
somal events for different groups divided by the num-
ber of cases in each group. The average number of
regional amplifications (ANRA) was calculated by
adding all regional amplifications for different groups
divided by the number of cases in each group.

Statistics

Univariate and multivariate survival analysis were
conducted using Cox proportional hazards regression
models with testing performed likelihood ratio meth-
ods. Immunohistochemical markers were investigated
for the expression pattern within and between tumor
groups as well as in correlation with chromosomal
rearrangements and survival. Between-group com-
parisons of categorized marker levels were conducted
using Fisher’s exact test. Patient treatment decisions
were made without knowledge of the immunohisto-
chemical markers or chromosomal rearrangements,
and survival analyses were not adjusted for treatment.
However, a small difference in survival might be ex-
pected due to the different treatment modalities. No
adjustment was made for multiple comparisons due to
the large number of comparisons and the likelihood of
correlations, which would make adjustments imprac-
tical. As such, the findings require confirmation in in-
dependent clinical studies.

Results

DNA ploidy

All benign cystadenomas were diploid. Due to a high
tumor cell density, six borderline tumors, two early
stage cancers and four advanced stage cancers could
not be reliably evaluated(25). In the advanced stage
tumors, 16 were aneuploid and six diploid. In the
early stage tumors, 15 were aneuploid and nine dip-
loid. In the borderline group, three were aneuploid

and nine diploid. An increase in diploid vs. aneuploid
tumors was significant when borderline tumors were
compared to invasive cancers (P = 0.02) but not be-
tween early and advanced carcinomas (Table 2). There
was marginal significance between survival and
ploidy in patients with invasive tumors (P = 0.059)
(Table 3).

Immunohistochemistry

Ki67

All benign cystadenomas revealed a low proliferative
activity (< 20% positive cells). Only one case among
the borderline tumors showed a high level in prolif-
erative activity (> 20% positive cells). This patient sub-
sequently died from the disease. In the early stage
carcinomas, 13 of 26 cases showed a high Ki67 stain-
ing, whereas in the advanced stages, 18 of 26 tumors
revealed a high level ($ 20% positive cells). In uni-
variate analysis, a significant difference between bor-
derline and invasive carcinomas was seen in Ki67 ex-
pression (P = 0.003 and P < 0.0001 for borderline vs.
early and advanced carcinomas, respectively) (Table
2). There was no statistical difference in proliferative
activity between early and advance stage carcinomas
(P = 0.26). For the two invasive groups together, there
was a significant difference in survival between those
with low vs. high proliferation (P = 0.016, Table 3).

Of patients who had tumors with a low number of
Ki67 positive cells, 92% survived at least 10 years com-
pared with 47% of those who had high Ki67 levels. In
the group of patients with early stage disease, there
was an equal number of tumors with high and low
Ki67, and survival was not correlated to proliferative
activity. However, in the group of patients with ad-
vanced stage tumors, we observed a correlation of in-
creased Ki67 expression and short survival.

P27KIP-1

All benign cystadenomas showed low levels of p27 (<
50% positive cells). In the borderline group, six tumors
had a low p27 expression, including the only patient
who died from the disease. There was no significant
difference in the distribution of p27 staining patterns
in borderline and early invasive cases. However, there
was a significant difference in the expression pattern
between borderline and advanced carcinomas as well
as between early and advanced carcinomas (P = 0.025,
Table 2). A significant correlation between low p27
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and survival in invasive tumors was found (P =
0.0001, Table 3).

Cyclin A and cyclin E

All benign cystadenomas and borderline tumors re-
vealed low cyclin A levels (< 5% positive cells). Pa-
tients with borderline and early stage carcinomas (P =
0.0001) and borderline and advanced stage carcinomas
(P = 0.0001), however, revealed a significant differ-
ence. This difference was not detected when early and
advanced cases were compared (P = 0.12, Table 2).
Furthermore, no significant association was found be-
tween survival and increased cyclin A expression
($5% positive cells) in the group of invasive tumors (P
= 0.33, Table 3).

All benign cystadenomas had a low cyclin E expres-
sion (<10% positive cells). There was a significant dif-
ference in cyclin E expression pattern between border-
line and early stage cases (P = 0.0281), but no
significant difference when early and advanced stage
tumors were compared (Table 2, Fig. 1). We did not
find a significant association between survival and in-

Table 2. Expression of biological markers (Fisher’s exact test) in benign cystadenomas, bor-
derline tumors and early and advanced stage carcinomas of the ovary

Markers

Benign
no. of
cases
(%)

Borderline
no. of
cases
(%)

Early stage
no. of
cases
(%)

Advanced
stage
no. of
cases (%)

DNA ploidyb,d

Diploid 10 (100) 9 (84) 9 (56) 6 (35)
Aneuploid (0) 3 (16) 15 (44) 16 (65)

Ki67a,b,d

<20% 10 (100) 17 (94) 13 (50) 8 (31)
$20% (0) 1 (6) 13 (50) 18 (69)

P27c

<50% 10 (100) 6 (33) 8 (31) 17 (65)
$50% (0) 12 (67) 18 (69) 9 (35)

Cyclin Aa,b

<5% 10 (100) 18 (100) 10 (38) 4 (15)
$5% (0) (0) 16 (62) 22 (85)

Cyclin Ea

<10% 10 (100) 14 (78) 10 (38) 13 (50)
$10% (0) 4 (22) 16 (62) 13 (50)

P53a,b

<10% 10 (100) 18 (100) 19 (73) 14 (54)
$10% (0) (0) 7 (27) 12 (46)

P21
<20% 5 (50) 4 (22) 17 (35) 12 (46)
$20% 5 (50) 14 (78) 9 (65) 14 (54)

aSignificance between borderline and early stage tumors.
bSignificance between borderline and advanced stage tumors.
cSignificance between early and advanced stage tumors.
dSignificance between borderline and invasive tumors.
In column 1, the percentage of positive-staining tumor cells and the borders between low and
high are indicated.

Table 3. Univariate survival analysis (Cox proportional haz-
ards regression of biological markers in invasive ovarian carci-
nomas (early and advanced groups)

Markers
Unadjusted relative
hazard (95% CI)

LRa

P-values

DNA ploidy
Diploid 1.00
Aneuploid 2.80 (0.80, 9.74) 0.074

Ki67
<20% 1.00
$20% 4.76 (1.13, 10.19) 0.016

p27
<50% 1.00
$50% 0.14 (0.048, 0.44) 0.0001

Cyclin A
<5% 1.00
$5% 1.67 (0.56, 5.01) 0.33

Cyclin E
<10% 1.00
$10% 0.76 (0.32, 1.83) 0.54

p53
<10% 1.00
$10% 1.33 (0.54, 3.26) 0.54

p21
<20% 1.00
$20% 0.80 (0.33, 1.93) 0.62

aLikelihood ratio.

Cell cycle proteins and genomic instability in ovarian tumors 481

© 2000 IGCS, International Journal of Gynecological Cancer 10, 477–487



creased frequency of cyclin E expression ($10% posi-
tive cells) in early and advanced carcnomas (P = 0.54,
Table 3).

P53 and p21

Immunohistochemical staining in benign cystadeno-
mas or borderline tumors with antibody against p53
(DO1) revealed a negative staining pattern; however,
in 50% of the benign and 78% of the borderline cases,
p21 immune staining revealed an increased level. In
contrast, seven cases in the early stage group and 12
cases in the advanced stage group showed increased
expression of p53 ($10% positive cells). Of these nine-
teen cases, eight cases revealed undetectable levels of
p21. Regarding high p53 expression or high p53 ex-
pression associated with undetectable p21 levels, there
was no statistically significant difference between the
early and advanced stage tumors (Table 2). No signifi-
cant correlation was found between increased p53 ex-
pression with or without undetectable p21 levels and
survival in this study.

Uni- and multivariate analysis

Of the potential predictors of disease progression, i.e.,
histologic type, tumor grade and stage, DNA ploidy,
and the expression levels of cyclin A, cyclin E, p21,
p53, p27 and Ki67 that were analyzed using the Cox
multiple regression model, p27 and Ki67 were the
only markers found to be significant and independent

markers (Table 3). A reduced model containing only
p27 and Ki67 was fit (Table 4) When p27 and Ki67
were combined to jointly form four possible risk
groups, high expression of Ki67 together with low ex-
pression of p27 gave a highly significant (P = 0.0018)
relative risk of death (relative risk, 10.8; 95% confi-
dence interval, 2.4–48.5) as compared to low Ki67 to-
gether with high p27 (Fig. 2).

Comparative genomic hybridization

Comparative genomic hybridizataion revealed a dif-
ferent pattern of chromosomal rearrangements be-
tween borderline and early and advanced stages of
invasive tumors (Fig. 3). The average number of copy
alterations increased between all groups from border-
line to early and advanced stage adenocarcinomas.
The borderline tumors had an ANCA value of 8.0.
Diploid invasive carcinomas had an ANCA value of
6.8 and aneuploid cancers had an ANCA value of 16.2.
Concerning the average number of regional amplifi-
cations (ANRA values), there was a significant differ-
ence between the groups. Borderline tumors, early
stage carcinomas and advanced stage carcinomas had
ANRA values of 0.1, 1.1 and 1.2, respectively (overall
P-value = 0.03, see also Fig. 4).

A high ANCA value of 19.3 was found for tumors
with high p53 expression associated with negative p21
levels. This high ANCA value was also found in grade
III tumors (19.3), irrespective of tumor type or stage. In
both the group of grade III tumors and in the group of
high-p53/negative-p21 tumors, 92% were aneuploid.
The tumors overexpressing cyclin A and cyclin E had
an ANCA value of 16.4, and tumors with normal lev-
els of cyclin A and cyclin E had an ANCA value of 7.6.
Tumors with high Ki67/low p27 staining pattern had
an ANCA value of 14.9, whereas tumors with low
Ki67/high p27 had an ANCA value of 7.5. When tu-
mors with loss of chromosome arm 17p were added to
the group of tumors with high p53 expression and
negative p21 levels, the ANCA value was 15.2,

Fig. 1. Expression of the cell cycle regulatory proteins cyclin A and
cyclin E detected by immunohistochemistry in different groups of
ovarian tumors.

Table 4. Cox multivariate analysis with respect to disease-
specific survival in invasive ovarian carcinomas (early and
advanced stage)

Markers
Relative risk
(95% CI)

P-value
LRa

Ki67
<20% 1.00
$20% 3.4 (1.12, 10.26) 0.017

p27KIP-1

<50% 1.00
$50% 0.14 (0.05, 0.43) 0.0001

aLikelihood ratio.
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whereas p53 expression negative tumors (i.e., no loss
of 17p and negative IHC staining) had an ANCA value
of 6.0 (Fig. 5). In six of the 16 cases that were positive
for cyclin A and cyclin E expression, we observed in-
creased p53 expression and negative p21 levels.

The tumors with increased frequency of cells posi-
tive for cyclin A and cyclin E expression had an ANRA
value of 1.8, whereas tumors with normal levels of
cyclin A and cyclin E had an ANRA value of 0.3. Tu-
mors with high Ki67 and low p27 staining patterns
had an ANRA value of 1.0, whereas tumors with a
low Ki67 and high p27 had an ANRA value of 0.5.
The tumors with high p53 expression and negative
p21 staining patterns or tumors with a loss of chro-
mosomes arm 17p had an ANRA value of 1.5, whereas
p53 negative tumors had an ANRA value of 0.06
(Fig. 6).

Diploid invasive carcinomas had an ANCA value of
6.8 and an ANRA value of 0.2; the aneuploid cancers

had an ANCA value of 16.2 and ANRA value of 1.6.
Forty-two percent of the chromosomal aberrations in
11 borderline tumors consisted of copy number
changes of entire chromosomes. This number was re-
duced to 19.3% and 10.9% for early and advanced
stage carcinomas, respectively. The most frequent ab-
errations seen in all tumors were gains of chromosome
arms 8q (52%), 3q (44%), 5p (32%), Xq (32%), and 12p
(28%) and losses that mapped to 22q (28%) and 17p
(32%). A statistically significant association was found
between gain of chromosome 7 and early stage disease
(P = 0.0019) and also between loss of chromosome arm
13q and high frequency of tumor cells expressing cy-
clin A (P = 0.008).

Comparative genomic hybridization results were
obtained from 25 invasive carcinomas. Of these, irre-
spective of stage and treatment, 16 patients survived
more than 10 years, and nine died. The ANCA value
for the survivors was 12.1, and for the nonsurvivors,
the value was 14.2. No statistical association was
found between ANCA or ANRA and survival. Gain of
chromosome arm 3q was found in 89% of the cases in
the group of nonsurvivors but only in 50% of the sur-
vivors. The survivors showed loss of 4q in 50% of the
cases and a gain of 7q in 62%, but these aberrations
occurred in only 22% (− 4q) and in 11% (+ 7q) of the
nonsurvivors. Loss of 17p was seen in 44% of the sur-
vivors and in 33% of the nonsurvivors.

Discussion

Previously established prognostic factors in ovarian
cancer were stage, age, histologic type, grading and
postoperative residual tumor. These were the prog-
nostic factors that were instrumental in the strategy of
therapy. Unfortunately those factors are not always
strong enough to recognize borderline tumors from
invasive carcinomas or to differentiate high and low
risk patients, especially in early stages. There is an
ongoing discussion how to treat patients in early stage
disease, and there is a clear trend to avoid adjuvant
therapy as well as extensive surgery in those cases.
Many attempts have been made to introduce molecu-
lar markers in order to differentiate between low and
high risk ovarian cancers. DNA ploidy has been the
first molecular prognostic factor that has been inves-
tigated in this tumor group. Subsequently, p53, p21,
Ki67, p27 and HER-2/neu were investigated with the
same purpose.

We have therefore investigated the relationship be-
tween genomic instability, the expression of cell cycle
regulatory proteins and the outcome of patients with
ovarian epithelial tumors. We were specifically inter-

Fig. 2. Model-based values of relative hazards from Cox modified
multiple regression with respect to disease-specific survival (dead
from disease or alive > 10 years) in invasive ovarian carcinomas.
Immunostaining, Ki67 and p27 stratified into four groups (high vs.
low values).
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ested to explore whether disturbed cell cycle control
and impaired genomic integrity coincide with histo-
pathologically defined benign cystadenomas, border-
line tumors and invasive adenocarcinomas. We also
wanted to explore if these aberrations can explain the
differences in the clinical behavior within these histo-
pathologic entities in general and within the group of
malignant tumors in particular.

The group of benign cystadenomas was homog-
enous for the cell cycle regulatory proteins and crude
DNA ploidy. All tumors revealed a diploid DNA his-
togram and normal levels of cyclin E, cyclin A, p53
and p21. Also, low expression of p27 was found in the
benign tumors. One possible explanation for these
findings is that these tumor cells are terminally differ-
entiated.

The borderline tumors seemed to be a heteroge-
neous group. The majority of the tumors resembled
benign cystadenomas; however, some revealed a pat-
tern more similar to the one observed in adeno-
carcinomas. In this study of epithelial ovarian tumors,
we found that borderline tumors frequently express
cyclin A and cyclin E at normal (i.e., low) levels,
have normal p53 and p21 levels, are mostly diploid
and have a favorable clinical outcome. Despite seem-
ingly normal cell cycle regulation, these tumors do
have chromosomal aberrations, and this is reflected

by an ANCA value of 8 (similar to the one observed in
diploid invasive carcinomas, where the ANCA value
is 6.8). However, almost 50% of these aberrations con-
sisted of whole chromosome gains and losses, which
would indicate that chromosome segregation errors
are early events. Only one high-level copy number
increase was observed (ANRA value of 0.1) in a pa-
tient who rapidly succumbed to the disease. The lack
of high-level copy number increases (amplifications)
was found to be the most pronounced difference de-
tected by CGH between borderline and invasive tu-
mors (Fig. 4).

In summary, the present findings suggest that bor-
derline tumors are distinctly different biologically

Fig. 4. The average number of regional amplifications (ANRA)
detected by comparative genomic hybridization in different groups
of ovarian tumors.

Fig. 5. The correlation between the average number of chromo-
somal aberrations (ANCA) in relation to the expression of different
cell cycle regulatory proteins.
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from invasive ovarian carcinomas and that biological
markers can contribute to discriminate borderline
from invasive variants.

Invasive carcinomas frequently overexpress cyclin
A or cyclin E, or both, and show signs of p53 muta-
tions, high proliferative activity with reduced p27 in-
hibitor activity and aneuploidy. On average, invasive
carcinomas have an ANCA value of 13 and an ANRA
value of 1.3, indicating a high grade of genomic insta-
bility. The mapped genomic amplifications frequently
involve regions harboring oncogenes(28).

For all ovarian tumors, high ANCA values (19.3)
were found in tumors with high p53 expression and
nondetectable p21 levels. Ninety-two percent of these
tumors were aneuploid. Cases with high expression of

cyclin A and cyclin E had an ANCA of 16.4 and this
group of tumors also had a high ANRA value 1.8 (Fig.
4). This finding is reasonable given that DNA replica-
tion is dependent on normal levels and timely expres-
sion of cyclin A and cyclin E. Abnormal cyclin A and
cyclin E levels possibly result in premature DNA rep-
lication and re-replication which can result in gene
amplification. This could explain the high ANRA
value, which also is supported by two recent re-
ports(29,30).

Highly interesting is the strong correlation between
elevated Ki67 levels together with low p27KIP-1 activity
and survival. Our observation suggests that the com-
bined analysis of Ki67 and p27KIP-1 warrant explora-
tions in larger clinical studies for improved prognos-
tication in ovarian cancers.
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